Summary.
The Nearly three centuries ago GLissoN in his book: "De Anatomia Hepatis" (London, 1654) first described the liver as a bile producing gland. Twelve years later MALPIGHI (Fig. 1) , in his microscopical studies on the structure of "viscera", not only confirmed the glandular nature of the liver, but was able to describe minute hexagonal shaped structures-then termed "lobules" and "acini"-which he considered the glandular units of the liver (1666).
Until the 1950s light microscope observations of thin sections represented the sole means for studying the structure of tissues and cells. Three-dimensional reconstructions of microscopic structures occasionally appearing in literature at that time were mainly due to the intuition, or imagination, of skilful microscopists.
The liver naturally was not an exception and many of us-who have already entered our fortiessurely remember admiring the plastic models of hepatic lobules in three-dimension Three-dimensional  reconstruction  of liver cords,  sinusoids and bile canaliculi  according to VIERLING and BRAUS (1930) . a b based in part on serial sections, produced by creative imagination and pictorial reconstruction, of anatomists such as BRAUS and VIERLING (1930) (Fig. 2) and ELIAS (1949a, b) (Fig. 3) .
The introduction of the electron microscope in the early 1950s and its tremendous impact on anatomical sciences in the following decades introduced so many new details on the fine structure of cells and tissues that the students of those years were driven to look at the Histology often solely in terms of cell ultrastructure, thus forgetting the overall organ. The inability of transmission electron microscopy (TEM) to represent a vivid three-dimensional picture of cells and tissues was because only very small fragments could be examined at a time. Further, reconstructions based on stereological methods and statistical analysis of electron micrographs were extremely time-consuming and eventually efforts disproportionate to the results were obtained (SJOSTRAND, 1958; W EIBEL, 1974) . Therefore, although the liver structure studied by TEM appeared more exact and revealed a number of cellular aspects certainly not reported in early light microscopic investigations (FAWCETT, 1955; RoUILLER and JEZEQUEL, 1963; COSSEL, 1964; DAVID, 1964; BRUNI and PORTER, 1965; WISSE, 1970; TANIKAWA, 1979) , the method was essentially inadequate to provide a credible and vivid three-dimensional picture of the liver at a cellular level. When in the late 1960s the scanning electron microscope (SEM) was first used to occasionally solve biological problems related to the morphology of soft structures, it hardly appeared useful.
In fact, it was considered as an instrument having a limited range of applications and employable only to study naturally exposed tissue surfaces (skin, mucosae. etc.) which, further, at that time, were not properly preserved.
But in the following years, the judicious use of more adequate preparation techniques such as freeze-drying and critical point drying (BOYDE, 1972; PORTER et al., 1972) and the exposure of cell surfaces and organelles by fracturing and/or chemically dissociating biological specimens, together with improved SEM instrumentation (up to 3-5 nm of The Three-Dimensional Microanatomy of the Liver 5 resolution) resulted in many spectacular and instructive new three-dimensional views of cell and tissues KESSEL and KARDON, 1979; FUJITA et al., 1981) .
Today a logical combination of parallel observations by light microscopy, TEM (including freeze-etching and high voltage electron microscopy) and SEM offers to the anatomist the advantage of obtaining prompt insights into a realistic three-dimensional vision of various organs as related to their minute tissular and cellular architecture (FAWCETT, 1981; MOTTA, 1984) .
The first SEM picture of a fragment of a mammalian liver lobule appeared in the SEM Atlas by FUJITA, TOKUNAGA and INouE (1971) , in their pioneering efforts to produce interpretable SEM images of a variety of biological specimens. The full potential of this technology in relation to the liver was recognized a few years later when critical-point and freeze-drying techniques became available for properly fractured materials (BROOKS and HAGGIS, 1973; MOTTA, 1973; ITOSHIMA et al., 1974; MIYAI et al., 1974; MOTTA and PORTER, 1974a; MUTO, 1975) . Most of these liver images were so realistic and readily interpretable that in a few years numerous liver researchers were using SEM methodologies to elucidate topographical aspects and surface features of various hepatic components under normal, experimental and pathological conditions (LAYDEN et al., 1975; MOTTA and FUMAGALLI, 1975; MUTO, 1975; NOPANITAYA and GRISHAM, 1975; GRISHAM et al., 1976; MIYAI et al., 1977; MOTTA et al., 1978; PENASSE et al., 1979) .
The aim of this article is to briefly review and summarize the most important achievements in SEM studies on the mammalian liver and to make current information and literature on this subject easily available to the student and research worker. The information contained in the article is mostly derived from a variety of common laboratory mammals and occasional human specimens under normal conditions only. Further results on livers of fetal animals and human embryos and fetuses have been included.
The illustrated material is basically derived from studies made during this past decade (MOTTA,1973 (MOTTA, -1983 , and in these papers can be found detailed descriptions of methods for preparing liver tissues.
SURFACE OF THE LIVER ; THE CAPSULE OF GLISSON
The hepatic mass is covered by a thin but resistent connective tissue rich in collagen fibers (mainly types I and III) containing a few fibroblasts, smooth muscle cells and small vessels. At the hilus of the organ ("porta hepatis"), this connective investment becomes particularly abundant and reflects inward, giving rise to a variable number of ramifications embedding vessels, bile ducts and nerves. Thus, it contributes much toward subdividing the hepatic parenchyma into lobules.
The term capsule of Glisson was originally used to indicate the perivascular connective tissue of the liver (GLISSON, 1654), but currently hepatologists refer to it for both the internal connective tissue and the surface capsule.
From this gross connective liver's scaffoldings arises a variable amount of collagen and reticular fibers which, in addition to a few fibroblasts, form a sort of web ("spider web") around the sinusoids within the lobules TANIKAWA, 1979) .
A continuous layer of serosal cells-attached to each other by junctional complexes and lying on a basal lamina-adheres to the surface capsule and can be easily seen by using SEM (Fig. 4) . Mesothelial cells of the liver are often flattened and poligonally shaped. Their surfaces are populated by numerous microvilli (Fig. 4) . At higher magnifications, fine strands of granules can be seen adhering to the surface of many microvilli.
This material may in part correspond to a residual cell coat ("glycocalix") and/or to serous exudate . Frequent small pits corresponding to endocytotic vesicles can be noted on the cell surface.
These dynamic structures are likely related to the high exchange of fluids between the peritoneal cavity and the liver parenchyma, and are probably designed to lubricate the hepatic surface . These features correspond to those observed in other serosal surfaces where the mesothelial microvilli with their glycocalix and serous exudate have been suggested to be capable of creating a sort of "slippery cushion" whose fluid film might preserve the thin serosa from surface attachment and friction damages (ANDREws and PORTER, 1973; BARBERINI et al., 1977) . Exaggerated quantities of fluids (ascites), due to lymph increased intrahepatic pressure, might damage mesothelial cells and produce fluid-filled intercellular dilatations and cellular vacuoles (TANIKAWA, 1979) . Intercellular invaginations occasionally occur in these and other mesothelial layers and possibly represent the so-called stomata originally noticed by Von Recklinghausen and recently further described by correlative TEM and SEM studies (BARBERINI et al., 1977; LEAK and RAHIL, 1978) , Finally almost every mesothelial cell shows, among microvilli, a single cilium of variable length.
Although such cilia have been systematically reported in a number of mesothelial cells covering other organs, their role, if any, still remains debatable (rudimentary organelles, chemoreceptors or mechanical function?) VAN BLERKOM and MOTTA, 1979) . 
LIVER LOBULES AND ACINI
The extraordinarily numerous vessels of the liver penetrate each small piece of the parenchyma and contribute toward creating the complex architecture of the gland ("labyrinthyne gland" of Braus). This can now be fully appreciated by simply using SEM technologies.
The lobules and acini are the smallest glandular units of the liver, as Malpighi first recognized.
Today the description of the structure of the liver has not changed much from that early view but three theories of liver lobulation have been further developed: 1) the classic lobule of KIERNAN (1833); 2) the portal lobule of MALL (1906) ; the liver acinus of RAPPAPORT et al., (1954) . These three glandular units differ in appearance, but are essentially the same, varying only according to the mammalian species examined and the particular morphophysiological and pathological conditions considered.
Their actual validity has been reviewed elsewhere (ELIAS and SHERRICK, 1969) .
Sections of perfused liver and fractures of its parenchyma observed by SEM provide an easy method to fully evaluate the complex structure of the liver units . The visualization of one or the other aspect depends upon the spatial arrangement of the vessels, the quantity and distribution of the connective tissue, the animal and the experiment.
Whatever the case is, the hepatic parenchyma appears characteristically made up of a continuous system of attached hepatocytic plates or singlecell-thick laminae ( Fig. 5-7 ). As interconnected walls, these liver plates form, in all directions, a continuous labyrinth of spaces or lacunae in which the vessels are suspended (Fig. 7) . In properly perfused animals, liver plates appear converging toward a centrally located vein or portal space, thereby delineating portions of hepatic units corresponding to different liver lobular concepts . (MOTTA and PORTER, 1974a; GRISHAM et al., 1976; VONNAHME and MUller, 1981) . The complex three-dimensional arrangement of liver plates and their relationship with sinusoids were first described by ELIAS (1949a, b) who developed this concept on the basis of serial sectioning and stereological elaboration.
By SEM, these aspects can be easily verified (MOTTA and PORTER, 1974a; . In addition, another advantage related to this technique is that of obtaining relatively well separated liver cells whose surfaces can be consequently fully analized (Fig. 8) . In this way hepatocytes not only can be studied in their relationship to each other in forming laminae and delimiting lacunar spaces, but their single facets can also be observed as they alter in relation to various physiological, experimental and pathological events.
Such surface changes can be elaborated topographically and then provide an exact morphometric parameter to correlate with further biochemical information.
As a rule, a hepatocyte is a polyhedron about 20-30,um in length and width . Generally it has six facets, half of which are attached to adjacent hepatocytes and delimit bile hemicanaliculi ("bile facets or poles") ( Fig . 9, 10) . The other facets come in close contact with the sinusoidal wall and thus are freely exposed to the blood filtrate ("sinusoidal facets or poles") (Fig. 11, 12 ). All the hepatocytic surfaces are covered with thin and numerous microvilli. Pits, occasional large holes and micro- projections can be also seen ( Fig. 9-12 ). Microvilli and pits are more abundant on the sinusoidal facets but they are also present on the bile facets where, opening into intercellular recesses, they are continuous with the microvilli of the perisinusoidal spaces (MOTTA and PORTER, 1974b) . The only exception is the relatively smooth and narrow zones that regularly run along the margins of the halved bile canaliculi (Fig. 11, 12 ). They contain various attachment complexes which occur between hepatocytes and can be revealed only in correlated freeze-etching and other TEM observations (METZ, 1982) . Such smooth bands (0.1-0.4 ,am wide) are continuous along both sides of the bile channels and clearly show that no communication exists between the biliary and the blood routes in normal conditions.
The large holes and stubby protrusions occasionally present over the bile facets serve to further hold adjacent hepatocytes together and seal the bile canaliculus (MOTTA and PORTER, 1974a) .
SEM evaluation of the topographical distribution of such smooth zones shows that, in some areas, they are transformed into very narrow bands (0.1 'am wide) which further reduce to a minimum the distance between the lumen of the bile canaliculus and the perisinusoidal space of Disse (MATTER et al., 1969; MOTTA and FUMAGALLI, 1975) . These "areas of minimal distance" are belived to represent zones of low resistance ("loci minoris resistentiae") and may permit leakage through the canaliculo-sinusoidal barrier, thus providing a possible pathway for bile regurgitation under appropriate experimental and pathological conditions NISHI, 1978; EVANS, 1980; SCHARSCHMIDT, 1982) . Thick and short microvilli are present in the grooves of the bile hemicanaliculi; here small pits and holes, probably related to the traffic of substances leaving the cell, can be seen (Fig. 11, 12 ). Further, as mostly shown in stereo views, side sacculations, diverticula and cell infoldings bordered by scanty microvilli may open on the luminal wall of the bile canaliculus.
These likely represent occasional intracellular ramifications of the bile canaliculi (MOTTA and FUMAGALLI, 1975) similar to those originally described by PFLUGER in 1869 and primarily reported in lower vertebrates by TEM (ROUILLER, 1956; DAVID, 1961; YAMAMOTO, 1965) . As a rule, only a single canaliculus per facet of liver cell is observed, but in some instances it may appear divided into two or three branches.
In the central areas of the lobule, bile canaliculi are 0.5 fem in width, but in the peripheral zones they appear progressively wider (1-2.5 nm) and occasionally are bounded by three hepatocytes (MOTTA and FUMAGALLI, 1975; . Close to portal areas are also evident canalicular-ductular junctions and bile ductules (cholangioles or ducts of Hering) CLARA, 1930; SCHAFFNER and POPPER, 1961) . Where the canaliculus joins the bile ductule, its lumen appears often enlarged, forming an irregular sacculation whose wall is alternatively made up of hepatocytes and ductular epithelial cells (Fig. 13) . In other cases the bile channel may directly open into a large interlobular (portal) duct (MARINOZZI et al., 1977; MOTTA et al., 1978) . The luminal wall of the canalicular-ductular junctions and ductules may show pits and delicate blebs ("pinopods"), possibly an expression of a dynamic process of reabsorption (ENDERS and NELSON, 1973; BARBERINI et al., 1978; . These aspects indicate that such intermediary bile ducts-as in other glands-might operate a gradual process of transformation of the primitive hepatocytic secretion through absorption of substances, thus regulating the quantity and the quality of the final secretory product 1982) .
The luminal wall of the interlobular ducts is provided with numerous and twisting long cilia in addition to short microvilli (Fig. 14) . Cilia are also present, but in minor numbers, in the ductules and canalicular-ductular junctions (MOTTA and FUMAGALLI, 1974; GRISHAM et al., 1976; VONNAHME, 1981) . The function of these long cilia is hypothetical. They might be performing a motile role useful for the propulsion and mixing of biliary secretory flow (MOTTA and FUMAGALLI, 1974; or alternatively they might serve as chemoreceptors (MOTTA and FUMAGALLI, 1974; TANUMA and OHATA, 1978) . In this latter case the cilia, perhaps stimulated by the altered chemical composition of the bile flow, might modulate eventual reabsorption of certain bile components regulating the biliary volume and electrolytes .
Finally, the liver cell facets opening into the perisinusoidal space are very rich in microvilli.
The microvillous border on one side and the sinusoidal wall on the other delineate the lacunar space of Disse ( Fig. 9-12) . Furthermore, this space extends farther than previously known by conventional histological techniques in that, by SEM, it appears continuous with the numerous interhepatocytic recesses (MOTTA and PORTER, 1974b, c) . Therefore, this cellular arrangement towards the Disse's spaces allows the exposure of the greater part of the cell membrane to the blood filtrate circulating here (MOTTA and PORTER, 1974b, c). As a consequence, the spaces of Disse form a continuous labyrinthine system of microlacunae opening into wide spaces located in the peripheral areas of the lobule and containing a variable quantity of tissue and blood filtrates according to the physiological condition of the liver (Fig. 9, 10 ).
DISSE'S SPACES AND THEIR CONTENTS
In normal conditions only a few fibroblasts or fibrocytes can be seen in the perisinusoidal Disse's spaces (1890 ; Fig. 15) ; their role is probably to produce the scarse collagen fibrils forming the delicate reticular network supporting the hepatocytic laminae as they relate to the sinusoidal walls. Other sinusoidal cells, in some aspects similar to fibrocytes, are the so-called lipocytes or fat-storing cells of ITO (1951) . Actually these cells were first described by KIPFFER in 1876 (Fig. 16 ), using gold chloride impregnation; he called them stellate cells ("sternzellen"). Twenty two years later KuPFFER inadvertently generated a misconception in considering these stellate cells-filled with lipids and located in perivascular spaces as identical to other cells lining the sinusoidal wall and having a phagocytotic role (Fig. 17, 18 ). Later these two types of cells were collectively known simply as Kupffer's cells (WAKE, 1971) . According to WAKE (1980) stellate cells filled with lipids (lipocytes) are only located in the Disse's spaces and may adhere to the sinusoidal wall. Laminar dendritic processes spread over the outer surface of the sinusoids; running along them, they might give the impression, in some instances, of doubling the sinusoidal wall (Fig. 19, 20) MOTTA et al., 1982) . Because collagen fibrils are often closely associated with these cells only in those areas fronting the hepatocytes, it is reasonable to suggest that, as the fibroblasts, they might retain the capacity to secrete collagen and build up the reticular network as well (Fig. 19) . Surely lipocytes store vitamin A in their lipid droplets ("vitamin A-storing cells") and as such they might present many features in common with the Fig. 15 . Drawing of DissE's paper (1890) originally representing the pericapillary space (Csch) which was there after termed Disse's space. "stellate cells" present in other organs ("vitamin A-storing cell system") (WAKE, 1980) . Finally unmyelinated nerve fibers can be observed within the perisinusoidal space of numerous mammals and humans (YAMADA, 1965; SKAARING and BIERRING, 1976; FORSSMAN and ITO, 1977) . Although the principal influence of the nervous system is thought to be exerted on the blood vessels and biliary ducts, in the above studies nerve endings were only reported close to the hepatocytes. The exact nature of nerve structures can be identified only by correlating scanning and transmission electron micrographs of the same specimen.
LIVER VESSELS
Hepatic vessels can be easily followed by SEM using corrosive cast methods.
With this new technology MURAKAMI et al. (1974) , OHTANI (1979) and OHTANI et al. (1982) were able to visualize a very rich capillary plexus surrounding the bile ducts in the portal areas. From such "peribiliary capillary plexus," originating from interlobular arteries, arise a few peribiliary "portal" vessels which connect it with the intralobular sinusoidal net. The significance of this type of portal system is purely speculative but it might be related to a mechanism of intralobular feedback control for bile production OHTANI, 1979; OHTANI et al., 1982) .
Arterial and venous components of the portal areas can be visualized in hepatic fragments and easily recognized by different features of the luminal wall. Microvilli and pits are scarce on the luminal endothelia but a few small fenestrations may occur in some branches of portal veins. A rich connective tissue surrounds the vessels and wide spaces filled with fluids appear in the stroma around the portal triad (spaces of Mall) (Fig. 8, 13, 14) .
Hepatic sinusoids are small and tortuous capillaries connecting the perilobular and portal vessels with the centrolobular vein. Observed by SEM, they appear to form a rich vascular network within the lobule which can be well visualized either in corrosion casts or in fractured liver fragments (Fig. 7, 11 ). In these latter cases the luminal and outer wall of the endothelium can be viewed three-dimensionally, and its course can be followed along the Disse's spaces and the hepatocytic laminae (Fig. 21) . As seen by these methods, the sinusoidal wall consists of very flattened endothelial cells having a central bulging area (nuclear region) from which arises large laminar expansions.
Microvilli and pits are scarcely present on the luminal surface of this KUPFFER belived that these cells were "phagocytic endothelial cells" (see also the text). 17 1s endothelium, whereas fenestrations are very abundant (Fig. 22, 23 ). They widely vary in size MOTTA and PORTER, 1974a; VONNAHME and MOLLER, 1981) . The smallest fenestrae (around 0.1-0.2 lam in diameter) are often in clusters forming sieve plates and in some areas tend to be confluent with the larger gaps. The latter (up to 1 lem) appear when large areas of sinusoids are analyzed by SEM, and are also found between adjacent endothelial margins (intercellular fenestrations) (MOTTA, 1975; MUTO, 1975; MUTO et al., 1977; VONNAHME, 1981) ; the question of larger gaps in the sinusoidal wall is a matter of debate and must be carefully considered.
The occurrence of a variable number of fenestrae as revealed by SEM and other ancillary three-dimensional methods (such as serial sectioning and freeze/fracture) in different normal and experimental conditions MOTTA and PORTER, 1974a; MONTESANO and NICOLESCU, 1978; IsHIMURA et al., 1978; was denied by others who considered the large fenestrae as artefacts (BROOKS and HAGGIS, 1973; FRENZEL et al., 1977; WISSE and KNOOK, 1979 ; for a complete review of the problem see: VONNAHME and MOLLER, 1981). On the other hand, it must be also considered that sinusoidal fenestrations may be not rigid structures and may vary under physiological conditions (KOHN and OLIVIER, 1965; MOTTA and PORTER, 1974a; NOPANITAYA and GRISHAM, 1975; MOTTA et al., 1978) and further in relation to the local macrophages-the Kupffer cells-with which they dynamically assume a variety of postural associations in building up the sinusoidal wall (MOTTA and PORTER, 1974a; MOTTA, 1975; MUTO, 1975; MUTO et al., 1977; VONNAHME and MOLLER, 1981) .
As correctly pointed out by WAKE (1980) the term "Kupffer cells" must indicate solely those irregularly shaped cells which-having a phagocytic role-are located and/or embedded in the endothelial lining (TAMARU and Fu1ITA, 1978; WISSE and KNOOK, 1979) . These are large elements and have typical surface features of other macrophages (CARR and CARR, 1970; PARAKKAL et al., 1974; , not evident in endothelial cells. These are mainly rufles, blebs, microridges and mostly filopodia and lamellipodia (MOTTA, 1975; MUTO, 1975; MUTO et al., 1977; VONNAHME and MULLER, 1981) . Studied with the aid of stereopairs, the Kupffer cells can be seen to adopt various relationships with the endothelial lining of the sinusoid (MOTTA, 1975; MUTO, 1975; VONNAHME and MULLER, 1981) . Occasionally they are embedded in the endothelial wall where they may partly face the Disse's space or protrude with their irregular shapes into the sinusoidal lumen. As a rule, however, they bulge largely into the sinusoidal lumen or, primarily, clearly occur within it (Fig. 21-23 ). In these latter cases the cellular expansions arising from the Kupffer cells overlap the thinly fenestrated endothelium, occasionally contributing to form a sort of double lining to the sinusoid . The actual three-dimensional SEM observations about the exact location of Kupffer cells in the liver are noteworthy in that they agree better with the observations by BROwicz (1900) than with those by KUPFFER (1876; 1899). In fact, as early as 1900-after the publication of the original paper of KUPFFER (1876)-BROwicz stated in his study that: "the phagocytic cells (i.e. Kupffer cells) are not the integral element of the sinusoidal wall, but are pear-shaped cells hanging in the lumen of the liver capillary with their processes attached on the inner surface of the sinusoidal lining (l.c. in: WAKE, 1980) . Similarly, SEM studies reveal that the above description of endothelial overlapping cells is a further erroneous interpretation likely generated by the simple analysis of tissue sections in light and TEM. In fact, three-dimensional analysis by SEM technology clearly demonstrates that a sort of double barrier in the sinusoid occurs only in two instances: 1) between the luminal endothelial wall and the laminar extensions of Kupffer cells within the sinusoid, and: 2) between the perisinusoidal flattened expansions of Ito cells ("vitamin A-storing cells") and the outer surface of the endothelial lining. Surely these aspects suggest a capacity for the movement of Kupffer cells; further, "in vivo" they may have some role as, for example, controlling the filtration capability of the sinusoid and/or its caliber. Similarly, where Kupffer cells largely bulge into the lumen, they may also act as a sort of capillary sphincter (MOTTA, 1975 . Finally, when Kupffer cells are highly activated, their numerous cell projections appear closely associated to endothelial gaps, even penetrating some of them. These aspects suggest that the larger fenestrations might owe their existence to a temporary injury of the sinusoidal barrier and a parallel defense mechanism of activated macrophages (MOTTA, , 1979 . The general architecture of the mammalian fetal liver has been reported in a number of TEM studies mostly dealing with hepatic hemopoiesis in various developmental stages (ZAMBONI, 1965; KOGA, 1971; FUKUDA, 1974; TAMARU and FUJITA, 1978) . On the other hand, few SEM observations of fetal liver have been reported MOTTA and MAKABE, 1980) . SEM preparations of fetal hepatic tissues of the rat and man at early stages of development show irregular branching structures consisting of large masses of dividing hepatoblasts and associated hemopoietic cells (Fig. 24, 26 ). Such structures later become large hepatoblastic cords which are more than one cell-thick. The hepatoblasts are large and irregularly shaped polyhedrons, due to their close association with the highly proliferative blood cells. Gradually their polyhedral shape becomes a common feature for hepatoblasts during their transformation into mature hepatocytes.
Concurrently, the spaces first occupied by hemopoietic cells are then invaded by increasing numbers of proliferating vessels of small caliber which rapidly transform in sinusoids (Fig. 25) . In later stages of development the irregular hepatoblastic cords evolve into typical one cell-thick liver plates of the adult tissue. Hepatoblastic cords are connected to each other so tightly that intercellular limits are not always easily identifiable by SEM only. In fact, they delineate very broad lacunar spaces which are in part occupied by irregularly running vessels and developing blood cells (Fig. 24-26 ). This architecture, if compared to that of the adult liver, shows a major number of vascular territories and wider sinusoids. The endothelial cells have flattened extensions and a bulging cell body. Furthermore, they possess numerous and small gaps often arranged in groups . The sinusoidal wall in some instances shows large fenestrae (intercellular discontinuities) in which irregularly shaped hepatoblasts or hemopoietic cells can be observed. Cells having typical surface features of macrophages in these areas and within the sinusoidal lumen are evident (Fig. 27, 28 ) and likely correspond to primitive Kupffer cells (MoTTA and MAKABE, 1980; MoTTA,1981) . Some of these macrophages appear as phagocytizing erythroid elements but other cellular forms are less characterized as macrophages and might thus represent immature stages of Kupffer cells arising from activated monocytes and/or local macrophages ( VAN FURTH, 1976; DEIMANN and FAHIMI, 1978; PING and BANKSTON, 1979; MOTTA and MAKABE, 1980; MOTTA, 1981) . Another possibility is that these cells might give rise to fat storing cells. Unfortunately their surface characteristics are so uncertain and changeable that the real nature of these cells is elusive when using SEM techniques alone (MAKABE and MoTTA,1980) . Finally, megakariocytes are also noted within the lumen of some wide capillaries , Even in early stages of liver development, sinusoidal endothelial cells show clear structural differences from Kupffer cells (Fig. 25, 27 28) . These results further corroborate the opinion that Kupffer cells are not derived from endothelial elements and therefore do not have a common origin MOTTA and MAKABE, 1980) . Hepatoblastic cords, when adequately fractured or chemically dissociated, show occasional isolated hepatoblasts (Fig. 29, 30 ). Thses appear as very large and irregularly shaped elements with cell surfaces covered by numerous and randomly distributed short microvilli (Fig. 30) . In some cases parallel bands of these microvilli are regularly arranged over a rather smooth cell facet. This characteristic spatial arrangement of microvilli on hepatocytic surfaces is believed to represent an early step in the formation of a biliary groove (a future biliary facet of the fully differentiated hepatocyte) (Fig. 31, 32 ). This in turn, together with an opposing hepatoblast, will give rise to a fully developed biliary channel (MOTTA, 1981; 1982) . Such "in vivo" developing phenomena appear to progress in a rather similar pattern when hepatocytes are isolated by elutriation and subsequently cultured "in vitro." Under these conditions they in fact tend to form the original facets previously lost and then reaggregate to delimit primitivebiliary channels (PENASSE et al., 1979; WANSON et al., 1979; 1982) .
CONCLUDING REMARKS
From this short overview of the SEM literature and reports on the liver it appears clear that the picture of this organ in its vivid and real three-dimensional arrangement is easily identifiable.
Furthermore, if SEM images are compared with others obtained with different techniques, they offer the unique possibility to clarify the exact topography of various liver components and to evaluate their number of incidence in a wide region of the liver. SEM will prove particularly useful in elucidating hepatic structural alterations as a result of physiological experimental conditions and patho- Fig. 30-32 . Fetal liver. Differentiating large hepatoblasts (H) covered by numerous microvilli and interposed sinusoids (S). In some cases hepatoblastic microvilli are arranged in a regular order (arrows in Fig. 31 ) and this probably represents an early stage in the formation of the bile channel (note Fig. 32 ). The steps can be followed in arrows of Fig. 31 and 32. Fourteenday-old rat. logical states. Further, there is evidence that it will continue to be an invaluable instrument in a purely structural approach of various developmental stages. This special area, when fully explored by SEM in addition to other ancillary methods, will surely introduce new parameters to exactly evaluate dynamic changes in cells and tissues during hepatogenesis.
At the end of this rapid three-dimensional review on the liver based on SEM methods, we conclude by directly quoting from the end of the original paper of M. MALPIGHI on the liver (De Hepate, 1666): "Potiora sagax aliorum industria addet, nobis su ff iciet interim nudam & rudem hepatis descripsse structuram."
("The sagacious work of others will add better things to the subject, but for us now it is enough to have very simply described the mere structure of the liver").
This review was essentially based upon two lectures originally delivered for the 3rd Brasilian Congress of Cellular Biology in Sao Paulo, Brasil on July 25, 1982 and for the 5th International Symposium on Morphological Sciences in Rio de Janeiro, Brasil on July 29, 1982.
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